Microbes have played key roles in linking the biosphere with the geosphere, profoundly shaping the global system over the course of geological time [1] . Geomicrobiological processes have contributed greatly to the development of the current earth system through the creation of an oxygen-rich atmosphere, conversion of mineral nitrogen into biological molecules such as proteins, and the continuing biogeochemical cycling of elements essential to life, including carbon, nitrogen, phosphorous and sulphur [2] . The contribution of fungi to biogeochemical processes has until recently been seen largely through their Figure 1 . A mechanism to explain the programme of origin firing in S phase. Limiting firing factors (blue and purple) are first recruited to high affinity sites on a subset of licensed origins, promoting their activation at the beginning of S phase. After these origins have fired and are unlicensed, firing factors are released to bind the next highest affinity sites on other licensed origins, which in turn fire, releasing factors to bind even lower affinity sites on other licensed origins, and so on. Recycling of factors from one origin to the next in this way would proceed until the genome has been completely duplicated.
involvement in the carbon and nitrogen cycles in terrestrial environments, but progressively their presence and involvement in other aspects of biogeochemistry, particularly metal-related processes, is being revealed [3] . In this issue of Current Biology, a paper by Rhee, Hillier and Gadd [4] presents significant new information about the role of fungi in the biogeochemistry of lead through their involvement in the mycogenic transformation of lead into the phosphate-containing mineral chloropyromorphite.
Fungi are one of the most diverse organismal groups, with estimates of around 1.5 million species globally, and are ubiquitous components of terrestrial ecosystems [5] . Fungi are also present in a whole range of extreme environments, including Arctic and Antarctic soils, hot and cold deserts, hypersaline soils and lakes, rock and mineral surfaces, subaerial mineral environments and caves [6] [7] [8] [9] [10] .
To live in such environments, fungi have developed protective adaptations to survive in response to extreme environmental conditions, including extreme temperatures, irradiation, pH, salinity, high heavy metal content and osmotic stress. In these extremophilic environments, mycologists are starting to elucidate the interactions between fungal diversity and their mineral substrata, and to appreciate the roles that fungi have in the development of mineral systems.
Rocks generally comprise several minerals and their surfaces invariably house bacteria, fungi or algae. Mineral chemistry can greatly influence microbial colonization of surfaces through effects on energy generation, nutrient acquisition, adhesion, and biofilm formation [7, 11] . Microbes partially derive their energy from nutrients released by mineral surfaces, which tend to be nutritionally oligotrophic, whilst mineral microtopography may also influence microbial adhesion. As minerals weather, either via physico-chemical or biological processes, the chemistry of the derived weathering products influences the composition of bacterial or fungal species present [7] . Indeed, some weathering products such as heavy metals may be inhibitory to microbial growth and community development [7, 8] . Microbes, in turn, also have profound effects on the surfaces on which they live, including mineral surfaces. Consequently, fungi can be substantial drivers of weathering processes affecting rock/mineral surfaces, and have been found living on a very wide range of rock/mineral types [8] . Fungi can act both biomechanically and biochemically to alter rock and mineral surfaces, and can directly penetrate rocks and minerals through hyphal growth, tunneling into intact material by exploiting boundaries between crystal planes or through cracks or cleavages [12] . Fungal activity can also indirectly lead to mechanical disruption of these surfaces through production of extracellular mucilaginous substances that shrink and/or swell, applying physical pressure to disrupt mineral structure [13] .
Chemical weathering of minerals by fungi is linked to fungal metabolism at a micro-environmental scale, leading to pitting or etching of mineral microtopography, displacement of minerals, or chemical dissolution [14] . The main mechanism of fungal weathering is thought to be acid production through proton efflux by ATPases, production of organic acids such as oxalic and citric acids that are not only acidic but also able to complex metals into soluble ligands, and CO 2 formation leading to carbonic acid production [8] . Fungi can also alter surface redox conditions and can act as nutrient sinks for anions and cations dissolved from mineral surfaces [8] .
A consequence of weathering reactions is mycogenic mineral formation -secondary minerals formed as a result of fungal weathering reactions [15] , either as precipitation of organic or inorganic secondary minerals, or the formation of crystalline material associated with fungal cell walls. Many of these secondary minerals are metal oxalates or carbonates. This is an area that has been extensively explored by Geoff Gadd and co-workers over the last few years, who report in this issue of Current Biology the significant observation that common soil fungi are able to convert metallic lead to the secondary lead-containing mineral chloropyromorphite [4] . This group incubated lead shot in the presence of two common soil fungi and used energy-dispersive X-ray analysis and X-ray powder diffraction analysis to reveal that chloropyromorphite (Pb5(PO4)3Cl) was the dominant lead mineral formed in the presence of fungi on lead shot surfaces, but not in abiotic controls where other more biologically available lead minerals (minium (Pb3O4), hydrocerussite (Pb3(CO3) 2(OH)2) and litharge (PbO)) were formed. Gadd and co-workers speculate that chloropyromorphite is not produced directly from lead metal by fungi, rather it is produced from other lead mineral precursors produced either by the fungi themselves or abiotically, and an elegant model for chloropyromorphite formation is presented. The authors also discuss the role of phosphate in this process and the possible remobilization of chloropyromorphite by fungal organic acid excretion [4] . Phosphate availability, together with pH, appears to be important in defining the fate of metal minerals in combination with interaction with microbial activity, and fungi are now known to mediate formation of phosphate minerals of a number of metals, including iron, aluminium and uranium. The significance of this new work is that, for the first time, fungi have been shown to be involved in the formation of pyromorphite, as well as in its dissolution.
This work is important because lead is a widespread environmental contaminant from industrial, extractive, sporting and natural sources and we know little about the biogeochemical processes determining the diversity of lead minerals in the natural environment. Lead is highly toxic to most life forms and is particularly problematic in ground or surface waters, especially at low pH or if the water is used as drinking water [16] . Soluble lead can alter ecosystem structures at all levels. Pyromorphite is the most stable lead mineral, and phosphate additions have been proposed as a route to aiding the stabilization of lead contaminated sites by production of pyromorphite. It appears from this new work that understanding fungal activity may be central to generating a complete view of the biogeochemistry of lead and for developing processes to reduce the biological availability, and hence the toxicity, of lead as a pollutant [17] .
